Mushrooms collected from different areas in Senegal were molecularly characterized in order to establish phylogenetic relationships with previously described species. For this, PCR products were analyzed by electrophoresis and sequenced. Orthologous Sequences were deduced by Blastn analyses from those available in GenBank and belonging to clearly identified taxonomic units and species.
INTRODUCTION
Among the 1.5 million species identified in the fungal kingdom, only less than 10 % have been formally described, to date 1 . Among them, only 2327 useful wild species were identified including 2166 edible and alimentary species and 470 medicinal species from a compilation of 200 different sources from 110 countries 2 . Hence, Fungi are little known and also used, despite their important potential. Indeed, the nutritional and medicinal values of fungi have already been recognized 3 . Likewise, economic value of wild mushrooms is very considerable for human species 4 . Despite their importance on food, medicinal and economic plans, the knowledge and use of fungi remain weak in Africa, particularly in Senegal. Only ten edible species (Afroboletus costatisporus, Amanita crassiconus, Amanita hemibapha, Cantharellus congolensis, Amanita rubescens, Cantharellus pseudofriesii, Lactarius gymnocarpus, Russula foetens, Russula pectinata, Tubosaeta brunneosetosa), three consumed species (Gyrodon intermedius, Phlebopus sudanicus, Pisolithus sp) and one species for medicinal use (Polyporus sp.) were reported in this country 2, 5, 6 . The objective of the present study was to evaluate Senegalese's mushroom following molecular and phylogenetic approaches.
MATERIALS AND METHODS

Biological materials
Mushrooms samples were collected in two distinct regions of Senegal (Dakar and Saint Louis) between July and September. Once localized in the field, each mushroom was photographed and the morphology features of the fruiting body (color, shape….), the gills, the stipe, the pileus and the annulus (when present) were described. Figure 1 shows some morphological aspects of collected Senegalese's mushrooms. Then, the collected samples were dried and placed in bags in herbarium; one part (0.2 g) was used for DNA extraction and molecular characterization.
Methods
DNA extraction
Biological material was crushed to fine powder in liquid nitrogen in a mortar. Grinding allowed to destroy the walls and to weaken the membranes. The resulting mycelia powder was collected and conserved in a freezer at -80°C. Then, nucleic acids were extracted by using the CTAB (N-cethyl-NNN-trimethyl ammonium bromide) protocol 7 . 700 µl of boiling extraction buffer 2X (2 % CTAB, 10 mM Tris-HCl, pH = 8, 20 mM EDTA, 1.4 M NaCl) with 2 % βmercaptoethanol were added to the mycelia powder. The mixture was incubated at 65°C for 20 minutes. After return at room temperature, 700 µl of chloroform-isoamylalcohol (24/1, v/v) were added to the mixture. Then, the mixture was stirred by inversion and centrifuged at 12,000 g, 20°C for 5 minutes. Aqueous phase containing the nucleic acids was recovered. A second extraction with chloroformisoamylalcohol was realized. DNA was precipitated with 700 µl precipitation buffer (1 % CTAB, 50 mM Tris-HCl, pH = 8; 10 mM EDTA) at room temperature for 30 minutes. The pellet obtained by centrifugation (12,000 g, 20°C for 15 minutes) was dried and suspended in 1 M NaCl (500 μl). Nucleic acids were precipitated by adding two volumes of absolute ethanol. The pellet was recovered by centrifugation (12,000 g, 30 minutes and 20°C). After two successive washings with 1 ml ethanol 70 % (v/v), the pellet was dried then dissolved in 100 µl sterile distilled water containing RNase A (20 µg/ml).
PCR and Sequencing
PCR amplifications were carried out using ITS4 and ITS5 universal primers 8 . Reaction mixes contained 10 µl Colorless Go Taq flexi buffer 5X (Promega), 1 μl dNTP 10 mM (Eurobio), 0.5 µl of each primer pairs (50 nm), 1 µl fungal DNA (around 100 ng) and 0.5 µl Gotaq flexi DNA polymerase (Promega). The mixture was completed to 50 μl with sterile distilled water. PCR reactions consist in an initial denaturation at 95°C for 3 minutes; followed by 35 cycles composed of a denaturation step at 95°C for 30 s, an hybridization step at 55°C for 30s and elongation step at 72°C for 1 minute 30 s. A final elongation was carried out at 72°C for 10 minutes. PCR products were sequenced using the same primers by Beckman Coulter Genomics
Sequence analysis
The sequences were compared, with the help of the Blastn algorithm 9 , with those of the GenBank to identify homologous sequences. Sequences were aligned with those from clearly identified taxa with the Muscle software ver. 3.7 10 . Alignment corrections was achieved by using the software Gblocks ver. 0.91 b and the phylogenetic analyzes were performed by the maximum likelihood (ML) method using Phy ML software ver. 3.0 Alrt 11, 12 . This software estimates the maximum likelihood phylogenies from the alignment of nucleotide or amino acid sequences. The phylo genetic trees were visualized using the software Tree Dynn ver. 198.3 13 . All these programs are available on line at: http://www.phylogeny.fr/ and described by Dereeper A. and al 14, 15 .
RESULTS
Phylogenetic analysis of the ITS1/5.8S/ITS2 region of the ribosomal unit of three Senegalese vouchers belonging or related to the genus Agaricus
The sequences of ITS1/5.8S/ITS2 region of the nuclear ribosomal unit from the three collected Senegalese vouchers ICS031 (GenBank Accession N° KJ510528), ICS002 (GenBank Accession N° KJ510529) and ICS032 (GenBank Accession N° KJ510530) were aligned (Muscle software) with orthologous sequences of the GenBank (Table 1) representing 39 different Agaricus species and one Hymenagaricus tawanensis strain used as out group. This alignment was used to construct a phylogenetic tree by Maximum-likelihood method (Figure 2) . The branches having SH-like support values lower than 50 % were collapsed; those above 50 % were supported.
Phylogenetic analysis of the ITS1/5.8S/ITS2 region of the ribosomal unit of four Senegalese vouchers belonging to the genus Ganoderma In the same, the sequences of the ITS1/5.8/ITS2 region of the nuclear ribosomal unit sequences from the four collected Senegalese vouchers ICS004 (GenBank Accession N° KJ510531), ICS026 (GenBank Accession N° KJ510532), ICS027 (GenBank Accession N° KJ510533 and ICS037 (GenBank Accession N° KJ510534) were aligned with orthologous sequences of the (Table 1) 
from 24 different
Ganoderma species and one sequence from the phylogenetically distant Lentinus striatulus species choosen as out group. This alignment was used to construct a phylogenetic tree by the Maximum-likelihood (ML) method (Figure 3 ).
Phylogenetic analysis of the ITS1/5.8S/ITS2 region of the ribosomal unit of a Senegalese voucher belonging to the genus Termitomyces
As above, for vouchers belonging to the Agaricus and Ganoderma genera, the Senegalese voucher ICS001 (GenBank Accession N° KJ510535) was aligned with orthologous sequences of 18 described species belonging to the Termitomyces genus and strain of Lyophyllum decastes representing the outgroup species ( Table 1 ). The resulting Phyl ML tree obtained from the alignment is shown in Figure  4 .
DISCUSSION
One the phylogenetic tree of Figure 2, 16 . This suggests that Voucher ICS032 could represent a new and still undescribed Agaricus species from Senegal. On the contrary, the Agaricus voucher ICS002 was found phylogenetically related (SH-like branch value of 66 %) to a single previously described species A. inoxydabilis, an Agaricus species described by Heinem in 1980. As the length of the branches separating both species in the clade was quite long, it can also be hypothesized that both sequences represent two different species and consequently, the voucher ICS002 could also be representative of a new, still unknown Agaricus species from Senegal. The third Agaricus voucher ICS031 ranges in an out-group position of all the other 39 Agaricus species of our analysis and could be related to the genus Hymenagaricus, close related to the Agaricus genus. All these strains were separated of others species of Agaricus like that strain (thoen7297) of Agaricus collected in Dakar market by Thoen in 2010 17 . Finally, the phylogenetic analysis of the three Agaricus related vouchers collected in Senegal are in favour of three new species, two (ICS 032 and ICS002) belonging to different section of the Agaricus genus and one (ICS031) belonging to a genus different but close related to the Agaricus one such as the Hymenoagaricus. It should be noted that Agaricus genus is an economically important genus. For example, A. bisporus has an annual production of two million tons and is the worldwide most eaten mushroom 18 . The phylogenetic tree of Figure 3 clearly shows that the Senegalese vouchers ICS004, ICS026, ICS027 and ICS037 belong to the Ganoderma genus. Among these four vouchers, three form a clade with G. mirabile, G. tornicatum and G. neojaponicum. Moreover, vouchers ICS026 and ICS027 strains are grouped in a separate clade with a SH-like branch value of 71 %. However the branch length separating both sequences suggests that they could represent two related but different species. In the same way, ICS004 voucher appears also related to the As previously observed with the Agaricus samples, all the four Senegalese Ganoderma vouchers could constitute new and still unknown Ganoderma species. In a recent in vitro study, more than 75 % of polypore species surveyed showed antimicrobial property 19 . Thus, the group of Ganoderma seems to possess medicinal property for treatments of cancer, diabetes and diseases of liver [20] [21] [22] . These medicinal properties were due to their polysaccharides content that have antineoplastic and immunologic effects 23 . In this context, it is interesting to note that G. neojaponicum, belonging to the same clade that Senegalese's Ganoderma ICS004, ICS026 and ICS027 has been used for medicinal purposes in China and as a traditional food ingredient in Taiwan 24, 25 . Ganoderma genus has other properties. Thus, G. cupreum AG-1 has an ability to decolorize dyes because of its high laccase activity. Its use in treatment of effluents has also been reported 26 . Interestingly, the ICS001 voucher forms a group (SH-like branch value of 82 %) with T. clypeatus which is an edible species and two Termitomyces (DKA 2007 symbiont 17 and 18) collected by Aanen and al 27 . This species is probably edible like others species of Termitomyces. Indeed Termitomyces species are also highly appreciated in gastronomy in sub-Saharan Africa and are sought after the rainy season for consumption and sale 28 .
CONCLUSION
Sequence analysis of different vouchers collected in Senegal allowed the establishment of phylogenetic relationships with sequences of references species available in GenBank. These phylogenetic analyses act in favour of the idea that these vouchers could represent new taxonomic entities and species. These collected Senegalese mushroom belong to three important genera and it would be important to study their socio-economic importance before large scale use.
